Abstract
Introduction
Prostate cancer (PCa) is one of the most prevalent cancers worldwide; moreover, it exhibits the highest incidence among all cancers in males in the United States, especially in elderly individuals [1] . As PCa screening through measurement of prostate-specific antigen (PSA) levels has become more widespread, the proportion of PCa patients presenting with low-risk factors has also increased [2] . According to the European Association of Urology guidelines, an extended 12-core systematic transrectal ultrasound (TRUS)-guided biopsy should be performed for patients with an elevated PSA level; this is endorsed as the optimal biopsy method [3] . Therefore, in the PSA era, most cases of PCa are found by prostate biopsy; the number of prostate cancers found by benign prostatic hyperplasia (BPH) surgery is reportedly decreasing [4] . However, during BPH surgery, PCa was found incidentally in 5-13% of patients who did not have a prior diagnosis [5, 6] . According to the TNM staging system, the presence of incidental PCa (IPCa) in less than 5% of resected prostate tissue is classified as clinical stage T1a; its presence in more than 5% of resected tissue is classified as T1b. Although most cases of IPCa are considered clinically insignificant, recent studies have suggested that in some cases, the prognosis may become more unfavorable [7] . Therefore, controversies exist regarding the most appropriate management for patients diagnosed with IPCa. Several guidelines suggest radical prostatectomy (RP) as treatment for patients with a life expectancy of more than 10 years [3] .
Notably, the probability of finding no residual cancer (pT0) among patients with IPCa who undergo RP has been reported in several studies [5, [8] [9] [10] . In patients with IPCa, the vanishing cancer phenomenon is more likely to be related to the presence of a small cancer that can be entirely removed during initial surgery [11] . If pT0 can be predicted by preoperative assessment of patients with IPCa, overtreatment may be avoided. Previous studies have used factors such as PSA and Gleason score (GS) to evaluate the significance of IPCa. Recently, there has been a rapid increase in the use of multiparametric magnetic resonance imaging (mpMRI) for diagnosis and staging of PCa. Therefore, in this study, we evaluated whether pT0 could be predicted in patients with IPCa by using preoperative diagnostic tools, including mpMRI.
Materials and methods

Study design and patients
We retrospectively reviewed the clinical and pathological data of 107 individuals with PCa who underwent BPH surgery before RP at our institution between June 2006 and December 2016; patients whose tumor statuses were further confirmed by prostate biopsy during surgery for BPH, or who had used androgen deprivation therapy before RP, were excluded. Therefore, 95 patients were included in this analysis; all included patients underwent mpMRI before RP. All images were retrospectively reviewed by three experienced uroradiologists who were blinded to pathologic results; they conducted a consensus review of the mpMRI images of all patients. The mpMRI images included standardized criteria for Likert scoring of multiparametric sequences using a 3.0-T MRI system (Intera Achieva 3.0-T, Phillips Medical System, Best, The Netherlands) [12] . [13, 14] . Negative MRI findings were defined as the absence of grade 3 or higher regions of interest (ROIs) [15, 16] . We also excluded patients with limitations with regard to interpretation by the radiologists due to mpMRI without DWI and ADC. PI-RADS V2 was used as a standard when the image was reviewed again by radiologists. Clinical characteristics of these patients included age, body mass index, PSA before and after BPH surgery, and prostate volume (measured by TRUS) before and after BPH surgery [17] . In addition, Gleason score (GS), resection volume, and tumor volume following BPH surgery, as well as pathologic characteristics of specimens following RP, were obtained. All pathologic diagnoses were performed by expert pathologists. Finally, TNM stage was determined in accordance with the 8th edition of the American Joint Committee on Cancer TNM staging system.
Follow-up
Postoperative PSA follow-up was performed monthly for the first 6 months, every 3 months for the second year, and every 6 months thereafter. Biochemical recurrence (BCR) was defined as any two consecutive increases in serum PSA �0.2 ng/ml following RP [18] . BCR-free survival was defined as the time from RP to BCR. The follow-up period was calculated from the date of RP to the date of the last known contact with the patient.
Research involving human participants and/or animals
All procedures performed in studies involving human participants were conducted in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. For this type of study formal consent is not required. Data were collected after approval from the Institutional Review Board at Yonsei University College of Medicine (protocol number 4-2018-0669).
Informed consent
Informed consent was not required from individual participants included in the study due to its retrospective design involving review of medical records.
Statistical analysis
We compared clinical and pathological characteristics between groups by using Mann-Whitney U tests for continuous data and χ 2 tests for dichotomous variables. Univariate and multivariate logistic regression analysis were performed to assess the association between baseline parameters and residual cancer. Significant variables from univariate analysis were included in the multivariate analysis. Moreover, the Kaplan-Meier method, combined with log-rank tests, was performed to estimate and compare oncologic outcomes with respect to pT0. Receiver operator characteristic (ROC) curve analysis was performed to determine the optimal cut-off value via the area under the curve (AUC). Comparisons where p < 0.05 were considered statistically significant. These statistical analyses were performed with SPSS Statistics software, version 23.0 (IBM, Armonk, NY, USA). In addition, assessments of sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) with 95% confidence intervals were performed with Medcalc (version 18.3; Mariakerke, Belgium).
Results
Patient and disease characteristics
A total of 95 incidental PCa patients were included. At the time of surgery for BPH, patients were classified as stage T1a (n = 49) or T1b (n = 46), in accordance with the 8th edition of the American Joint Committee on Cancer TNM staging system. The mean age for all patients was 67.31±4.93 years. The mean prostate volume, as measured by TRUS, was 39.88±16.97 ml; the mean PSA and PSA density values were 4.45±3.63 ng/ml and 0.13±0.14 ng/ml 2 , respectively. The mean resection volume was 11.17±10.35 ml; the mean PSA and PSA density values after BPH surgery were 1.58±1.40 ng/ml and 0.06±0.06 ng/ml 2 . Among specimens following BPH surgery, 75 exhibited GS 6 (76.1%), 13 exhibited GS 7 (17.4%), and 7 exhibited GS �8 (6.6%). Forty-nine patients (51.6%) showed no suspicious lesions during MRI performed to evaluate the presence of PCa. Of the 46 patients (48.4%) with suspicious lesions, 33 showed lesions in the peripheral zone, 9 showed lesions in the transitional zone, and 4 showed lesions in both the peripheral and transitional zones.
The median follow-up from RP was 68.37±41.83 months. Among specimens following RP, 67 (70.53%) exhibited residual tumor and 28 (29.47%) did not (pT0). When dividing the two groups on the basis of residual tumor, there were significant differences between the two groups in PSA after BPH surgery, PSA density before and after BPH, and suspicious lesions in MRI. T stage, according to BPH surgery and PSA before BPH surgery, did not significantly differ between the two groups ( Table 1) .
Oncologic outcomes following RP
Among 67 RP specimens (excluding those with pT0), 44 exhibited GS 6 (65.7%) and 16 exhibited GS 7 (23.9%). Furthermore, GS �8 was present in 7 (10.4%). The median tumor volume of specimens following RP was 0.76±1.1 ml. Pathologic stage �T3 was recorded in 10 cases (14.9%). Extracapsular extension (ECE) was present in 10 cases (14.9%); surgical margins were involved in 4 (6.0%). Invaded seminal vesicles were observed in 1 case (1.5%). Perineural invasion was reported in 1 case (1.5%); lymphovascular invasion (LVI) and lymph node metastasis were not reported. During the follow-up period, BCR was not observed in pT0 patients; in the residual PCa group, BCR was observed in 11 cases (16.4%). Furthermore, there were no cancer-specific deaths during the observation period (Table 2) . Additionally, Kaplan-Meier curves showed a significant increase in BCR-free survival in the pT0 group (log-rank test, p = 0.027) (Fig 1) . Univariate and multivariate Cox regression analyses were performed with each clinical parameter for BCR in patients with residual cancer. In these analyses, GS �8 (HR 18.235, p = 0.001) and pathologic T stage � T3 (HR 13.899, p < 0.001) were independent prognostic factors for BCR. In contrast, PSA, PSA density, and T1a or T1b were not statistically different.
Preoperative factors in relation to pT0 PCa
In this study, we used univariate and multivariate logistic regression analyses to identify predictors associated with pT0 PCa. In these analyses, PSA density after BPH surgery (Odds ratio [OR]: 0.684, 95% confidence interval [CI]: 0.469-0.997, p = 0.048) and suspicious lesion on mpMRI (OR: 11.827, 95% CI: 3.013-45.073, p = 0.001) constituted independent predictors of the presence of residual cancer at RP in both univariate and multivariate models. After BPH surgery, invisible lesion on mpMRI and low PSA density showed a significant correlation with pT0 (Table 3) .
Diagnostic accuracy for pT0 of mpMRI and PSA density after BPH surgery
The AUCs of the ROC curve for mpMRI and PSA density after BPH surgery were 0.767 (95% CI, 0.668-0.867) and 0.711 (95% CI, 0.602-0.820), respectively. Diagnosis of pT0 with mpMRI alone revealed sensitivity of 64.2% (95% CI, 51.5-75.5), specificity of 89.3% (95% CI, 71.8-97.7), PPV of 93.5% (95% CI, 82.9-97.7), and NPV of 51.0% (95% CI, 42.4-59.5). We enhanced the diagnostic accuracy of mpMRI by adding PSA density values. Notably, PSA density �0.08 showed the best correction value. The AUC of the ROC curve for this combination of predictive factors was 0.805 (95% CI, 0.711-0.879). Diagnosis of pT0 with the combined predictors revealed sensitivity of 71.7% (95% CI, 59.3-82.0), specificity of 89.3% (95% CI, 71.8-97.7), PPV of 94.1% (95% CI, 84.4-97.9) and NPV of 56.8% (95% CI, 46.8-66.3) (Fig 2) ( Table 4) .
Discussion
pT0 is a well-known rare phenomenon, occurring in <1% of all patients who undergo RP for PCa [19] . This is strongly associated with neoadjuvant therapy [20] . However, pT0 after RP in IPCa exhibits a different incidence pattern; pT0 in IPCa patients without neoadjuvant therapy should be considered as complete resection of cancer by initial surgery for BPH treatment. Several studies have reported the prevalence of pT0 cases in patients with T1a-T1b treated with RP; these range from 2% to 48% in patients without previous neoadjuvant therapy [5, [8] [9] [10] 21] . However, there have been few studies to predict pT0. A study regarding prediction of residual tumors by Capitanio et al. [11] was published in 2010. Of 158 cases, T0 was found in 22; PSA before and after BPH operation was significant associated with pT0. However, univariate statistics were used in that study univariate; multivariate analyses were not performed. Similar to that study, postoperative PSA was a significant factor in univariate analyses in our study. In multivariate statistics, however, it was not significant. Therefore, we included PSA density before and after BPH surgery [22] [23] [24] ; we found that the PSA density was a significant predictor of pT0 in IPCa. In our study, PSA density after BPH surgery was significant both in univariate and multivariate analyses. In addition, our prediction of pT0 was based on mpMRI performed after BPH surgery. To standardize the evaluation and reporting of prostate MRI, the European Society of Urogenital Radiology published guidelines based on an expert consensus in 2012 (PI-RADS). These guidelines were updated to PI-RADS version 2 in 2015 [13, 14] . Notably, there is a growing role for mpMRI in the diagnosis of PCa. Therefore, we used a significant lesion on mpMRI as a predictor of pT0 in patients with IPCa; this yielded statistically significant results in our study. However, in many studies, a clinically significant lesion is present, although it remains invisible on mpMRI. Therefore, mpMRI is not a definite factor for determining the presence of residual tumor. In our study, 49 patients (51.58%) with IPCa exhibited invisible lesions on mpMRI; 24 of them had residual cancer after RP. Of these 24 patients, 6 exhibited G7, 2 exhibited T3 pathology, and 2 exhibited BCR during the follow-up period. Therefore, IPCa patients with invisible lesion on mpMRI may exhibit a clinically significant oncologic outcome. We believe it is difficult to use mpMRI alone as a method to predict pT0; thus, we added PSA density after BPH surgery, which was significantly associated with pT0, to increase the diagnostic accuracy of our predictive approach. When mpMRI and PSA density after BPH surgery were combined, the diagnostic accuracy of pT0 was improved, compared with mpMRI alone. We believe this may constitute a good diagnostic method for prediction of pT0. However, despite the use of this diagnostic method, residual cancer after RP was found 3 patients. Therefore, in patients with IPCa who have an invisible lesion on mpMRI, and who exhibit PSA density �0.08 after BPH surgery, if no operation is performed, active surveillance is necessary. In addition, biopsy of suspicious lesions on mpMRI after BPH surgery may be a good choice. Our study has several limitations. First, this was a retrospective review of data from patients treated at a single institution; therefore, multi-center, prospective studies are needed. If we conduct a multi-center study and collect more cases, we may be able to generate a nomogram for residual tumors in patients with IPCa [25] . Second, prostate biopsy was performed simultaneously with BPH surgery for 35 patients enrolled this study. Therefore, there were images of prostate biopsy hemorrhage in postoperative mpMRI. This might have caused the image quality to deteriorate [26] . However, we consulted with radiologists and confirmed that this did not limit interpretation of the image [27] . Despite these limitations, our study remains informative for clinicians who treat patients with IPCa. With regard to the strengths of our study, to the best of our knowledge, this is the first investigation to include mpMRI of IPCa for prediction of pT0. Furthermore, we investigated long-term follow up oncologic outcomes of IPCa with an established protocol. No patients were treated with adjuvant androgen deprivation therapy or radiotherapy until BCR; this allowed us to observe the natural history of BCR after RP. In this study, we determined the oncologic outcome according to the presence of residual tumor in IPCa. Because the oncologic outcome of IPCa patients who exhibit pT0 is good, it is important to predict pT0 where possible. Therefore, we believe that the proposed diagnostic tool is a method to reduce overtreatment in pT0 patients. We believe that our study will help clinicians to determine the direction of treatment in IPCa.
Conclusions
Our results demonstrate that patients with pT0 in IPCa showed a good prognosis; therefore, radical treatment may constitute overtreatment. In our study, lesions invisible on mpMRI, combined with PSA density after BPH surgery, were significantly associated with pT0. Therefore, in IPCa, patients with PSA density �0.08 after BPH surgery and with invisible cancer lesion on mpMRI should be considered for active surveillance.
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